Abstract-The heat capacity from 5 to 350 K of RuO, has been measured by adiabatic calorimetry. For the thermochemical properties at room temperature Co (298.15 K) = (56.42 rt: 0.08) J. mol
INTRODUCTION
Ruthenium dioxide has remarkable physico-chemical properties. It has a high electrical conductivity being, like IrOl and 0s02, a metallic conductor [l, 21. Furthermore, it has interesting optical, magnetic and catalytic properties f3,4].
Apart from this, ruthenium dioxide is of great interest in nuclear t~hnolo~.
The fission product ~thenium is a major ~nstituent of the "white inclusions" in operating nuclear reactor fuel. The hexagonal white inclusions have been identified as a metallic solid solution of a number of transition metals, molybdenum being the other major component [S] . The formation of ruthenium dioxide in the UO, matrix will probably not normally occur since the oxygen potential in operating nuclear fuel is generally too low [a] . However, under accident conditions in water-cooled reactor fuel, the equilibrium conditions change drastically as a result of the interaction with the coolant, and formation of solid RuOt as well as the gaseous RuO, and RuO, molecules is possible. Accurate the~~ynamic data for these compounds are needed to model the chemical processes occurring in nuclear accidents, especially the release as gaseous compounds to the containment building or, worse, the environment.
Up to now, a major problem in the evaluation of the Ru-0 system was the lack of an accurate experimental determination of the standard entropy of Ru02(.s). Rard [7l derived S"(298.15 K)= (52.2 f 8.7)J * mol-' * K-' from second-law analyses of EMF and decomposition measurements. Thirdlaw analyses of vapour pressure measu~en~ above RuO&), to give the ~thalpi~ of formation of RuO, (g) and RuO,(g), as has been done by Rard, are consequently highly uncertain. Therefore, we decided to measure the low-temperature heat capacity of RuOz by adiabatic calorimetry, yielding an accurate value for the standard entropy. In addition, we performed drop calorimetric experiments covering the temperature range between the low-temperature data and previously reported ~~-tem~ature enthalpy increment meas~ements [8] .
Using the results of the present study, we recently derived the standard enthalpy of formation of RuO&) from EMF measurements [9] . With this value smoothed high-temperature thermodynamic functions have been calculated including the formation properties A,ZP( T) and AfGo( 2').
EXPERIMENTAL
The preparation of the RuOr sample via chlorination of ruthenium metal, has already been de scribed [9] . The Ru-content was 75.84 f 0.02% (caic. 75.96%).
Calorimetric techniques
The low-temperature heat capacity of RuO, was measured in an adiabatic calorimetric cryostat [lo] (laboratory designated Mark XIII) over the temperature range 5-350 IC ( About 17.6 g sample were put in the calorimeter. This represents about 0.132 moles when 133.07 g.mol-' is selected as the molecular mass. To facilitate rapid thermal equilibration 2.67 kPa at 300 K of helium gas were introduced into the calorimeter after evacuation. To avoid exposure to oxygen, the loading and the unloading of the calorimeter were performed in an oxygen-free atmosphere of a glove-box. At no time was the sample exposed to an atmosphere that contained more than 3 ppm of oxygen. The calorimeter containing the sample was sealed in the inert atmosphere and then reopened on the vacuum line for the introduction of helium. The calorimeter was then sealed, placed in the cryostat, and cooled. The heat capacity of the empty calorimeter represented 70-80% of the total heat capacity at temperatures below 50 K and became about 50-65% at higher temperatures.
The enthalpy increments above 298.15 K were measured in an isothermal diphenyl-ether calorimeter which has been described previously [12] . Briefly, the sample is enclosed in a spherical vitreous silica ampoule with a 0.6mm wall thickness, a 20mm diameter and a volume of 4.2cm'. The ampoule is heated in a furnace whose temperature is measured with calibrated Pt (Pt + 10 mass per cent Rh) thermocouples to +O.l K. After a reasonable equilibration time, the ampoule is dropped into the calorimeter. The energy of the ampoule plus the sample now melts solid diphenyl-ether in equilibrium with its liquid in a closed system. The resulting volume increase of the ether is determined by weighing the displaced mercury. The ratio of heat input to mass of mercury making up the volume change is a constant for the apparatus (79.977 f 0.063)J.g-' and is obtained by calibration with cc-SiO, and compared with the NBS standard reference material (No. 720), synthetic sapphire, A&O,. Our results with sapphire all agree within 0.2% with the data given by the NBS. The enthalpy contributions of the vitreous silica were determined separately.
For the present measurements 6.80194 g of RuO, were enclosed in an ampoule of 1.39509 g; all masses being corrected for weighing in argon. The results of the 27 measurements are listed in Table 2 . A correction was made for the difference in enthalpy between the final calorimeter temperature (300.06 K) and the standard reference temperature, 298.15 K, using C; (298.15 K).
RESULTS
The low-temperature heat capacity data are listed in Table 1 and plotted in Fig. 1 . No special contributions other than that of the lattice and electronic contributions are observed in the entire temperature range of the experiment. Thermodynamic functions at selected temperatures are listed in Table 3 . The thermodynamic functions were evaluated by extrapolating the experimental heat capacity curve to 0 K and by integrating. Table 4 . The formation properties were calculated from A$" (298.15 K) = -(314.15 f O.O2)kJ*molas reported by Cordfunke and Konings [9] . Auxiliary data for the reference state of ruthenium were taken from Cordfunke and Konings [14] and of oxygen from Glushko et al.
1151.

DISCUSSION
There is good agreement between the low-and high-temperature results presented here. This is demonstrated in Fig. 2 in a {W(T) -W(298.15 K)}/ (T -298.15 K) vs T plot, where both data sets join smoothly at 298.15 K.
Two previous heat-capacity measurements on this compound overlap in the lower and upper temperature range of the present measurements. Passenheim and McCollum [16] measured the heat capacities of RuOl between 0.54 and 10 K. The agreement with their results is good (Fig. 1) . Frederickson and Chasanov [8) measured the enthalpy increments of RuOl from 619 to 1175 K, which agree reasonably well with the present results in the overlapping temperature range (i.e. 1.08-0.50%). Nevertheless, the fit with these results is not smooth, since the slopes of both lines clearly differ (see Fig. 2 ). Extrapolation of Table 3 . Thermodynamic properties at selected temperatures for RuO, {W) -so(O)1 (;) (J.m~~:,,-l) Table 4 . Thermodynamic functions of RuO, 
